Abstract It has been argued that public doubts about climate change have been exacerbated by cold weather events seen as a form of disconfirming evidence for anticipated 'warming'. Although a link between perceptions of climate and weather is well-established, such assumptions have not been empirically tested. Here we show, using nationally representative data, that directly following a period of severe cold weather in the UK, three times as many people saw these events as pointing towards the reality of climate change, than as disconfirming it. This we argue was a consequence of these cold winters being incorporated into a conceptualisation of extreme or 'unnatural' weather resulting from climate change. We also show that the way in which people interpret cold weather is associated with levels of pre-existing scepticism about climate change, which is in turn related to more general worldviews. Drawing attention to 'extreme' weather as a consequence of climate change can be a useful communication device, however this is problematic in the case of seasonal cold.
consider climate change scepticism in line with the approach outlined by Poortinga et al. (2011) and Rahmstorf (2004) -as constituting doubts about the reality, human causation, and severity of climate change, termed 'trend', 'attribution', and 'impact' scepticism respectively 1 : where we refer subsequently to 'climate change scepticism' or 'scepticism', it is according to this framework.
We also examine whether this climate change scepticism is itself underpinned by more general worldviews. Previous studies have shown that climate change scepticism is related to underlying values and political ideology as well as sociodemographic factors Whitmarsh 2011) . In the present study, we draw on cultural theory, which proposes that risks are selectively emphasised or suppressed depending on one's preferences for different types of social control and organisation (Wildavsky and Dake 1990) . According to this theory, people who subscribe to more individualistic ways of life exhibit lower affiliation with society as a collective whole, whereas those subscribing to a more egalitarian outlook see collective organisation and problem-solving as socially desirable, especially for global-scale problems such as climate change. For individualists, nature is viewed as resilient and climate change considered unproblematic precisely because this position aligns with their preferred worldview, in which people are free to act autonomously with few restrictions on personal and economic activity. By contrast, the egalitarian worldview, in which social equity is paramount and common effort is valued, is commensurate with a view of nature as fragile and ephemeral, with climate change seen as dangerous and requiring action (Thompson 2003; Steg and Sievers 2000) . Because cultural worldviews constitute a generalised outlook, we propose a mechanism whereby these operate at the first stage of a causal chain, influencing the more specific attitudes of climate change scepticism. We predict that scepticism will in turn be connected to the interpretation of cold weather events-either as confirming or negating the existence of climate change.
We also consider the wider context of public discourse through examining media reporting at the time the research was conducted. The mass media have been shown to exert important influence upon public understanding of climate change (Carvalho 2010 ). An analysis of media representations thus enables us to consider the wider social context that may have played a part in shaping individuals' interpretations of cold weather at the time of the research.
Method

Survey instrument and public participants
The study utilises items which were included within a survey of public perceptions of climate change in the UK (for further details see Capstick 2012 ). The wider survey within which the items considered in the present study were embedded covered a range of themes concerned with people's interpretation of climate change. In the first part of this survey, respondents were asked to indicate the perceived importance of each of a range of societal and socio-technical issues including climate change. They were then asked their level of concern about climate change, and answered open-ended questions about immediate associations made with climate change. Respondents subsequently completed a battery of 52 closed-ended items covering aspects such as self-reported knowledge about climate change, perceptions of scientific consensus, and perceived self-efficacy and collective efficacy in responding to climate change.
Within the battery of 52 items, four items were used to measure the two competing interpretations of the weather considered by the present study. One item pair framed the cold weather (either as a single winter contextualised to late 2010, or as a 'pattern' of cold winters) as evidence against climate change (Cronbach's α=.89). The other item pair was similarly constructed, but framed the cold weather as evidence for climate change (Cronbach's α=.87). The wording used for these items is given in Table 1 . Each was measured by responses along a five-point scale from 'strongly disagree' to 'strongly agree'. Also within the battery of 52 items, six items were used to measure climate change scepticism, two each corresponding to trend, attribution, and impact scepticism, as conceptualised by Rahmstorf (2004) and Poortinga et al. (2011) . By this framework, 'trend scepticism' refers to doubts that climate change is happening at all, 'attribution scepticism' refers to doubts about an anthropogenic component, and 'impact scepticism' refers to doubts about the severity of climate impacts. The six scepticism items are given in Table 1 ; again, respondents were asked to indicate their level of agreement or disagreement with each. These items together formed a reliable index (Cronbach's α=.90). The ten items gauging respondents' interpretation of cold weather events and their level of climate change scepticism were presented in a randomised order as part of the larger set of 52 items.
Having answered the questions described above, respondents next indicated the length of time they had personally been aware of climate change, 2 and were asked to indicate any reasons for changes in their views over this time. This was done via the open-ended question: "If your views have changed, please tell us why this might be". Responses to this question were independently coded by two researchers to examine for the incidence of arguments that cold weather events constituted evidence for/against climate change. Further detail regarding inter-observer reliability for this coding is given in Section 3.1.3.
Respondents next indicated their level of agreement or disagreement with six items designed to measure preferences for different forms of social organisation, as conceptualised within the cultural theory framework. Three 'individualism' and three 'egalitarianism' cultural worldview items were adapted from previous work (Leiserowitz et al. 2010; Rippl 2002) ; the items used are shown in Table 1 . Principal components analysis confirmed the two-factor structure of these items, with factor scores used in subsequent analyses.
Survey respondents (n=500) were drawn from across the UK via an online respondent panel maintained by a market research company. Quota sampling (Brick 2011) was used to ensure the sample was representative according to gender and age bands, based on 2001 UK Census estimates. Further details concerning the profile of the sample obtained are given in Table S1 (supplemental information).
Content analysis of media articles
A deductive approach to content analysis (Matthes and Kohring 2008) was used to examine media sources for the presence of particular framings concerning the links between cold weather and climate change. We sought to identify among UK newspaper articles those in which (i) cold weather was presented as commensurate with (e.g. as 'evidence for') the presence of climate change, or (ii) cold weather was presented as inconsistent with (e.g. as 'evidence against') the presence of climate change. In a number of cases, articles consider such conceptual links without alluding to a particular position and so we also include a category to reflect this. The coding of newspaper articles was carried out by two researchers independently. Further detail regarding inter-observer reliability is given in Section 3.2.
We examined both tabloid and broadsheet newspaper articles to encompass media representations across a broad readership and range of political positions; see Table S2 (supplemental information) for sources used.
Using the Lexis Nexis database, a Boolean search for the terms 'winter' and 'climate change', and/or 'snow' and 'climate change' was used to search for articles (including letters to the Editor) for the purposes of the study. The search was restricted to the period 1st December 2010 to 15th February 2011, corresponding to the winter preceding the administration of the public survey. 
Public perceptions of cold weather and climate change
Data distributions
The ratio of those viewing the pattern of cold winters as evidence for as opposed to against climate change was approximately 3:1. Across the sample of 500 respondents, 16.1 % agreed or strongly agreed that this suggested climate change may not be happening (50.0 % disagreed or strongly disagreed) whereas 45.0 % agreed or strongly agreed that this pointed to climate change being a reality (19.7 % disagreed or strongly disagreed). Likewise, across the sample 13.6 % agreed or strongly agreed that the cold winter of late 2010 suggested climate change may not be happening (49.3 % disagreed or strongly disagreed), whereas 38.5 % agreed or strongly agreed that the 2010 cold winter pointed towards climate change being a reality (21.8 % disagreed or strongly disagreed). Remaining responses were 'neither agree nor disagree' or 'don't know/no opinion'. Across the sample as a whole, approximately 4 % of respondents gave answers which could be interpreted as inconsistent, agreeing or strongly agreeing that cold winter(s) constituted both evidence for and against climate change. We include these data in our analyses as, whilst inconsistent, for some they may reflect a genuinely ambivalent position concerning the interpretation of weather.
Descriptive statistics for all weather interpretation items are shown in Table S3 (supplemental information) and presented in graphical form for the 'cold winter of late 2010' items in Figure S1 (supplemental information).
The mean climate change scepticism score (itself calculated as the mean of the six items) was 3.14 (SD=.91); scores ranged from 1 to 5, with higher scores representing higher levels of climate change scepticism. Response distributions cross-tabulated by degree of climate change scepticism are additionally revealing. In Figs. 1 and 2 we show responses to items framing the cold winter of 2010 as evidence for/against climate change, against three terciles Respondents in the upper tercile (high climate change scepticism) were more inclined to see the winter of late 2010 as evidence against climate change than were respondents in the medium or low climate change scepticism groups (Mann-Whitney U=5681, p<.001, and U= 1821, p<.001 respectively) and less inclined to see it as evidence for climate change (U=5215, p<.001, and U=3593, p<.001 respectively).
The shape of these distributions also shows that a non-committal central position is a more common response of 'sceptics', whereas for 'non-sceptics' the distributions are more markedly skewed: it is 'non-sceptics' who are more willing to assert a position regarding how cold weather relates to climate change.
Mediation analysis
We conducted mediation analysis using customised SPSS syntax permitting the estimation of direct and indirect effects of multiple causal variables (Hayes 2013) . The outcome variable was formed of the two items framing cold winter(s) as evidence against climate change, with the climate change scepticism index treated as a mediator variable and the two worldview factors treated as independent variables. As shown in Fig. 3 , climate change scepticism was a significant and powerful predictor of weather interpretations in the model (b=.70, t=16.44, p<.001 ). In the model constructed, cultural worldviews did not directly predict weather interpretations (outer arrows in Fig. 3 ). However, worldviews directly predicted levels of climate change scepticism (for egalitarianism, b=−.22, t=−4.99, p<.001; for individualism, b=.42, t=9.47, p<.001), and exerted an indirect effect upon weather interpretations through climate change scepticism (95 % confidence intervals for indirect effects of egalitarianism are −.23, −.09 and for individualism are .23, .37). The full model explains 49 % of variance in weather interpretation (R 2 =.49, F(6,390)=63.41, p<.001). Bootstrapping (10,000 samples) is incorporated in the mediation analysis, to comply with the assumption of normally distributed data where calculating indirect effects. Sociodemographic variables (age, gender, level of qualifications) are included in the analysis as covariates, although only small and statistically non-significant effects were obtained and so these are not reported separately. Z-scores for all variables were used in analyses meaning that coefficients reported are standardised for direct effects. Missing values were moderately high at between 0 % and 15 % for each factor used in the analyses; Little's MCAR test however was non-significant (indicating missing data is randomly distributed) and therefore listwise deletion was applied.
Self-reported changes in views
118 respondents volunteered information concerning changes in their views over the time period they had been aware of climate change (a further 38 answered that their views had not changed, while the majority, n=344, did not volunteer any response).
Of the 118 responses providing a reason for changed views, 29 of these (25 %) were concerned with changes to the weather and/or seasonality. Of this sub-sample, seven responses did not express a clear position (e.g. simply responding "changes in weather"). Only one respondent expressed the view that the weather provided evidence against the veracity of climate change, namely:
We have always been told that climate change is about Global Warming, but Britain has just been through two very cold winters in a row, so on the evidence available Global Warming does not seem to be happening.
Whilst not contending that cold weather events directly constituted evidence against climate change, a further four respondents presented arguments consistent with the view that these were not valid evidence for the presence of climate change, as in the following response:
There has been no real evidence that climate change is due to people and the way they use energy etc. We have always had cold winters and not very warm summers.
By contrast, 17 respondents expressed a viewpoint consistent with the position that the weather provides evidence for the veracity of climate change-although in most cases these were with reference to altered or more extreme weather, rather than cold weather per se. A selection of these responses is shown in Figure S2 (supplemental information). The open-ended survey text was independently coded by two researchers. Inter-observer reliability was high overall: Cohen's kappa > .9, calculated for three response categories (reason given for changed views vs. no reason given, weather-related responses vs. nonweather related responses, 'evidence for' vs. 'evidence against' responses) with a consensus subsequently reached between the two coders for items where there was not initial agreement.
Those responses giving reasons for changes in views but which were not concerned with changes to the weather covered such topics as perceived uncertainty among climate scientists (e.g. "not enough agreement among scientists"), reflections on the relevance of climate change in light of personal circumstances (e.g. "more worried because I now have a child"), or perspectives on wider societal contexts (e.g. "too much rhetoric from those that have selfinterest as their reason for voicing").
Media reporting of cold weather and climate change
Of 132 articles retrieved from the 1st December 2010 to 15th February 2011 time period using the search terms, 41 directly commented upon the links between cold weather and climate change. Of these, 18 included text framing the cold weather as commensurate with climate change, 18 framed the cold weather as being inconsistent with climate change, and five presented an indeterminate position (e.g. presenting arguments for both). Table 2 gives illustrative examples of headlines and article text arising from the content analysis. Table S2 (supplemental information) provides further breakdown of article coding by media source.
In the case of articles coded as framing cold weather as commensurate with climate change, this in places portrayed the cold weather as a direct consequence of, or evidence for, climate change. In other places, the implication was that the cold weather occurred in spite of overall (n=5) " [T] here is an overwhelming temptation to point a finger at the nearest climate scientist and roar "where's your global warming now?" […] However, the Journal of Geophysical Research has found that the cold snap… may be the result of global warming, rather than evidence to the contrary" (The Sunday Times, December 26th 2010) warming. In the case of articles coded as framing cold weather as inconsistent with climate change, the dominant portrayal was that the cold weather in some way weakened the case for climate change (i.e. was a form of 'evidence against').
The number of articles placed in each category is derived from independent coding by two researchers. Following the extraction of the 41 relevant articles, full agreement was reached on the 36 articles framing climate change either as commensurate or inconsistent with climate change. Following further consideration of coders' notes concerning the remaining five articles, these were assigned an 'indeterminate' category wherein either a clear link was not made, or reference was made to both ways of relating the cold weather to climate change.
Discussion
The occurrence of cold winters in northern Europe in the late 2000's might or might not have been connected to climate change (Overland et al. 2011; Guirguis et al. 2011 ). Here we argue that the conclusions which could be drawn by lay individuals about these weather events varied widely, but were more often of the confirmatory variety. This is likely to be because exceptionally cold winters-where ascribed a meaning at all-tended to be understood by many respondents in terms of climate change leading to weather which is extreme, strange, bizarre or different from expected (Smith and Joffe 2013) . Whilst it may seem counter-intuitive that cold weather would be integrated in people's perceptions of climate change in this manner, this may be indicative of a general shift in the use of terminology (in the UK at least) from 'global warming' to 'climate change'. As previous research has shown, the former phrase tends to be more closely associated with temperature rise whereas the latter tends to be more associated with 'change' to the weather (Whitmarsh 2009 ). Our findings are also in line with recent research that finds similar connections are made by people with a range of other weather extremes-including flooding, drought, high summer temperatures and changes to seasons Smith and Joffe 2013) .
The findings of the present study likely also reflect a recognition that, for some respondents, isolated cold weather events have limited implications in themselves, or can simply be considered anomalies (cf. Cattiaux et al. 2010) . It is noteworthy that a large proportion (around one third) of respondents were not willing to align with the positional statements (for or against) in each case: this is arguably the most appropriate current response to the items as presented, given the difficulty in attributing discrete weather events to climate change. By contrast, there exists only a small minority of people who consider that cold weather disconfirms the idea that climate change is happening.
These results lead us to suggest that members of the public are in possession of a more nuanced understanding of the relationship between weather and climate change than has perhaps been assumed in the past-for example in assertions that people unduly 'conflate' weather and climate (Bostrom and Lashof 2007) . Whilst the technicalities of the distinction may well elude most people 3 our findings do suggest that many hold mental models which go beyond a simple association between climate change and raised temperatures as a whole.
The present study additionally presents evidence that, during the winter months immediately preceding the public perceptions research, cold weather events were framed in the media both in terms of evidence contrary to the veracity of climate change, and as evidence of its manifestation. Previous studies have shown that the media are key sources of information for people about climate change (Carvalho 2010) and thus it seems likely that, as well as cold weather events in themselves offering the potential for disparate interpretations, the ways in which these events were presented in the media formed part of a wider public discourse around the meaning of the cold weather at this time.
The study finds that the way in which the weather is interpreted by members of the public is closely related to ideological differences. That identical occurrences (cold winter/s) may be used to draw contradictory conclusions, and that these conclusions themselves are related to pre-existing positions, is likely an expression of what has been termed 'motivated reasoning' or 'biased assimilation' (cf. Kunda 1990; Lord and Taylor 2009) . This entails the appraisal of evidence in ways that validate pre-existing beliefs and identity, a phenomenon which has recently been linked to climate change perceptions (Whitmarsh 2011; Corner et al. 2012) . Goebbert et al. (2012) have suggested that because temperature change in particular has become a politicised matter in the context of climate change, people's interpretations of the weather are likely to be subject to influence via their worldviews. In this sense, cold weather may be considered but one example of a range of information which can be used by lay individuals to draw conclusions about climate change. Yet because the weather is able to be directly experienced by all and is strongly associated conceptually with climate change, this makes its use as a class of informal evidence especially important to consider.
In the present study we find that 'non-sceptics' are as inclined to attribute a meaning to cold weather events as are 'sceptics' (perhaps more so). This points to the way 'evidence' is subject to processes of interpretation among those who do not in fact doubt climate change, as well as by those who do-a phenomenon which has been somewhat overlooked in the literature thus far. Our findings are in line with previous research suggesting that attitudinal certainty is more pronounced among those who are not sceptical about climate change ). This said, other work has by contrast found that components of climate change scepticism are associated with particularly strong negative affect, indicating pronounced strength of feeling among those who express doubts about climate change (Smith and Leiserowitz 2012) .
Implications for communication
A challenge for those interested in promoting public engagement, is that climate change has been considered a phenomenon characterised by 'psychological distance' (Spence et al. 2012 )-perceived as affecting other places, persons and time periods, and associated with uncertainty. As such, some researchers have suggested that greater attention be drawn to the personally-relevant aspects of climate change: for example argue that climate change be situated in people's immediate locality so as to heighten saliency. Spence et al. (2011) indeed propose that deliberately highlighting the links between local weather events and climate change can help to generate greater public engagement-assuming that is one's aim.
In line with this research, one conclusion that could be drawn from the present study might be to consider drawing conceptual links between climate change and events such as the UK cold winter of 2010-2011 for the purposes of communication. Whilst drawing attention to the consequences of climate change can lead to it being perceived as a more proximal and tangible phenomenon, in the case of cold weather events such as those of 2010-2011 this should however be approached with great caution. Projections for the UK are in fact for milder winters-although with more extreme weather events such as summer heatwaves and flooding anticipated (Defra 2012) ; while, overall, a decrease in extreme cold weather is projected worldwide (Coumou and Rahmstorf 2012) . In addition, it is problematic to conceive of discrete events as being 'caused' by anthropogenic climate change (Trenberth 2012) .
The most appropriate message to convey may instead be that extreme cold winters can still be expected to occur, and are not inconsistent with rising global mean temperatures (Cattiaux et al. 2010) . At the same time, models do point to more frequent and intense extreme precipitation events, including in northern latitudes during winter (Trenberth 2012) . The heavy snowfalls experienced during 2010-2011, are thus in some senses illustrative of the types of consequences which may be expected more often in future.
Given the potential communication advantages-but logical difficulties-of making connections between discrete weather events and concrete manifestations of climate change, further research would be valuable to understand how this could be most appropriately be done. One way this could be achieved is through the development of materials which are aligned with the current state of scientific knowledge in this area, followed by the subsequent testing and appraisal of such materials with members of the public (cf. Pidgeon and Fischoff 2011).
Study limitations
Our findings may have limited generalisability beyond the UK, a country where weather has a distinct cultural significance (Harley 2003) and which experiences cold weather extremes only sporadically. A further caveat concerns our assumption of the direction of causality from climate change scepticism to weather interpretations. Our modelling of the data is based on theory-specifically that general worldviews underpin attitudes towards climate change, and that these pre-existing attitudes influence people's interpretation of ambiguous evidence. However, we cannot be certain in the present study that, for some people, direct experience of extreme cold weather may itself have been salient enough to lead to climate change scepticism. It would thus be desirable for future studies to examine in a longitudinal manner the effects of climate change scepticism upon evidence interpretation-particularly given that previous research has shown that situation-dependent cues such as a person's perceived state of physical warmth can affect belief in climate change (Risen and Critcher 2011; Joireman et al. 2010) and that the interpretation of weather events in the context of climate change may vary as a function of a person's level of engagement with the issue (cf. Myers et al. 2013 ).
In the case of items used to gauge people's interpretation of cold weather events in the context of climate change, it should be noted that a respondent's disagreement with the statements provided could be taken to mean one of two things-either the holding of an opposing viewpoint or a rejection of (cold) weather as a form of evidence. For example, in the case of disagreement with the item 'The cold winter which occurred during late 2010, suggests that climate change may not be happening', this could be taken to mean either that the cold winter points instead to the reality of climate change, or that it provides no evidence either way.
We find a relatively large proportion of respondents attribute cold weather events to climate change, however the extent to which this might occur spontaneously outside of a survey setting is not fully answered by the present study. The links made by people between their experience of the weather and the physical reality of climate change may also at times be ambivalent and/or contradictory, as in other areas of environmental psychology (Castro et al. 2009 ). In addition it should be noted that, as with all survey studies using self-report measures, people's views on the meaning of weather events may be subject to bias in recall. More deliberative research with members of the public would therefore be useful to further clarify whether and how cold weather-and extreme weather more generally-is coming to be interpreted in the context of climate change.
